ABSTRACT: A fatal concentration of pentobarbital found in a coroner's case where the history had not indicated use of this drug prompted a review of fatalities in Ontario from 2012 to 2015. Coroner's case files, including police and toxicology reports, were reviewed in twenty deaths, in which pentobarbital was identified as the primary cause of death. In all of the deaths (11 females, 9 males), the blood concentration of pentobarbital was greater than 10 mg/L. There were three to eight deaths per year and each was classified as suicide. In 11 cases, there was clear evidence that the drug was purchased over the internet from Mexico or China and imported into Canada. In four cases, it appears that the pentobarbital was labeled as a different, innocuous chemical to facilitate crossing the border without scrutiny. The findings underscore the value of a thorough scene investigation, including details of evidence that may be considered unrelated.
KEYWORDS: forensic science, pentobarbital, barbiturate, suicide, euthanasia, forensic toxicology, forensic pathology Pentobarbital is a short-acting barbiturate central nervous system (CNS) depressant, which is available only for veterinary applications in Canada. The drug, which is also known by the trade name Nembutal, is listed on Schedule IV of the Canadian Controlled Drugs and Substances Act (1) . It has gained attention among individuals considering suicide for its ability to cause death with relatively few side effects and other complications when taken at the appropriate dose. The use of pentobarbital in suicides has been described in The Peaceful Pill Handbook as ". . .the best euthanasia drug. . . closest to the concept of the Peaceful Pill." Final Exit notes that pentobarbital is the "premier drug for self-deliverance." Both books offer advice for pentobarbital use including preventing vomiting through the use of an antiemetic drug prior to pentobarbital ingestion (2, 3) . Pentobarbital formulations for veterinary use marketed in Canada range from 65 to 540 mg/mL (4) . Fatalities due to pentobarbital have been reported at postmortem blood concentrations of 10 mg/L and higher (5) . A recent suicide attempt with intravenous pentobarbital was reported in which the admission serum pentobarbital concentration was 12.6 mg/L (6) .
In the province of Ontario, the detection of a potentially fatal concentration of pentobarbital (19 mg/L) in a fatality without history of pentobarbital use prompted further investigation of the particulars of the death. Upon further review, a white powder located at the scene labeled as "potassium formate" led to the hypothesis that this powder was pentobarbital and not potassium formate as it was labeled. Unfortunately, this powder was destroyed before it could be tested for its chemical identity.
A review of fatalities involving pentobarbital in Ontario was undertaken with the hypothesis that the frequency of pentobarbital use in suicide was increasing and that the drug was being imported from other countries and was being mislabeled as a way to decrease scrutiny at the border.
We present 20 suicide cases in Ontario between 2012 and 2015 attributed to pentobarbital toxicity.
Methods
The Ontario Coroner Investigation System database was searched for all death cases relating to pentobarbital from 2012 to 2015, inclusive. The resulting coroner's case files were reviewed and data were abstracted, including the coroner's investigation statement, toxicology report, police report, and autopsy report. Data extracted included demographic information, scene description, medical history, autopsy findings, toxicology results, and other relevant circumstances surrounding the death.
Toxicological examination varied among the cases submitted. The extent to which screening for other drugs was conducted varied dependent on the case history and the request of the investigators. In all cases, pentobarbital was quantitated in postmortem blood samples using solid-phase extraction (SPE) followed by LC-MS/MS analysis. Briefly, pentobarbital and pentobarbital-d5 were obtained from Cerilliant Corporation (Round Rock TX). Pentobarbital-d5 was added to 500 lL case samples, matrix-matched calibrators and controls to a final concentration of 2.5 mg/L. Five calibrators were prepared for a quantitative range of 1.25-10 mg/ L, fitting a quadratic curve with 1/x weighting. Samples were loaded onto conditioned (3 mL methanol followed by 2 mL 0.012 M hydrochloric acid) Phenomenex Strata-X 33 lm Polymeric Sorbent 60 mg/3 mL SPE columns. Columns were rinsed with 2 mL deionized water, 3 mL 5% methanol in water, dried, and eluted with 2 mL methanol. The collected fractions were dried under nitrogen at 60°C and reconstituted in 500 lL acetonitrile:2 mM ammonium formate (50:50 v/v). Extracts were analyzed using an LC-MS/MS comprised of an Agilent 1100 or 1200 LC and a Sciex API3200 QTRAP mass spectrometer in negative multiple reaction monitoring mode. The m/z transitions 225.06/ 225.06 and 225.06/182.09 were monitored for pentobarbital and 230.1/230.1 and 230.1/187.1 for pentobarbital-d5. Some samples were diluted with blank blood to quantitate pentobarbital outside the calibration range for the assay or otherwise reported semiquantitatively as >10 mg/L.
Ethics approval was not sought for this retrospective review of coroner's cases due to the removal of all identifying information about the deceased individuals.
Results
The search of the Coroner Investigation System resulted in 20 cases (11 females, 9 males), in which the cause of death was pentobarbital toxicity (Table 1) . For each year from 2012 to 2015, there were three, four, five, and eight deaths, respectively.
Postmortem examination in all cases included a full autopsy, which identified no significant trauma or competing cause of death. While, in most cases, multiple drugs were detected, pentobarbital toxicity was determined to be the fatal agent.
In 11 cases, there was clear evidence (i.e., packaging and/or documentation) of mail order pentobarbital via internet purchase; in nine cases from Mexico and in two cases from China. In two additional cases, there was Spanish labeling on the pentobarbital vials. In the majority of cases where vials of liquid pentobarbital were present, there were one or two vials with a concentration of 6.3 g/100 mL.
In four cases a bag was found, with some remaining white powder that was either labeled as "fumaric acid" (3/4) or "potassium formate" (1/4). Two of the four powders, both labeled as "fumaric acid," were tested by Health Canada and found to contain pentobarbital instead of the labeled chemical. The drugs in these two cases appear to have been imported from China. In the other two cases, the bags were destroyed without being tested, and it was unclear whether they were imported.
Among the decedents, there was no trend in age; however, all individuals in the observed cases were over the age of 20. The decedents ranged from 21 to 90 years of age. In all of the cases, the manner of death was determined to be suicide. A suicide note or communication of the intent to die was documented in 14 of the 20 cases.
Depression or other mental illness was considered to be a factor in 13 cases (11: depression and six "other": bipolar mood disorder, schizoaffective disorder, schizophrenia, and anorexia nervosa). Some of the "other" mental health conditions were also present in cases where depression was noted. Physical illness was documented as a factor in eight cases. In three of these cases, the medical history documents both a mental health illness and a physical illness. Reading materials on suicide methods were found in 6 cases. The Peaceful Pill was specifically mentioned in 3 cases and Final Exit was mentioned in one case. In the noted histories for two other cases, only generic references were made to reading material on suicide, but specific details were not provided.
Drugs with antiemetic properties were detected in 12 cases; however, not all cases were tested for all drugs. These drugs included diphenhydramine (8/12), ondansetron (1/12), and metoclopramide (3/12).
Additional details are provided for the following five cases to more closely examine some of the circumstances, in which pentobarbital toxicity was identified.
Case 6
A 90-year-old female was found deceased in her home. There was printed information about suicide located at the scene. Her medical history included chronic rheumatoid arthritis, previous colectomy, and ileostomy for chronic colitis, chronic depression, and passive suicidal ideation. Empty bottles of "Sedalphorte" (pentobarbital 6.3 g/100 mL) were located near the deceased. Packaging originating from Mexico was found at the scene. It was addressed to the decedent and bore a customs label declaring the product as veterinary supplements.
Case 7
This case involved a 40-year-old man who had long standing nonconvulsive seizure disorder characterized by autonomic responses of uncontrolled hypertension and tachycardia. He was reportedly depressed and in pain due to his condition. His medications included diazepam and olanzapine. He had made nine previous suicide attempts and had recently purchased the book The Peaceful Pill.
Case 13
This case involved a 38-year-old female with a history of clinical depression and anorexia nervosa. She was previously prescribed citalopram. A Ziploc bag, labeled as "Fumaric acid 25 g," with some white powder inside was found at the scene. There was also an empty pill bottle labeled Teva Escitalopram (10 mg).
Case 11
This case involved a 56-year-old female who had a history of Parkinson's disease, which resulted in significant pain, leading to financial issues. She had been prescribed medicinal marijuana. After consuming marijuana, she drank the contents of a bottle labeled Pisabental in front of witnesses, fell unconscious, and died approximately seven hours later. At the scene, a bottle of Pisabental (pentobarbital, 6.3 g/100 mL), metoclopramide and a do not resuscitate (DNR) order were located. Information at the scene indicated that the Pisabental was imported from Mexico.
Case 14
This case involved a 21-year-old male with a history of autism and hallucinations. He had previously attempted suicide by drug a year and a half prior. In his suicide note, he wrote that his medications were making him feel sick and suicidal. Present at the scene were a partially empty bottle of vodka, an empty bottle of Pisabental, and a white paper cup with dry yellow residue at the bottom. There was packaging originating from Mexico addressed to the decedent. The attached customs declaration identified the contents as cosmetics.
Discussion
Although in a few of the earlier cases, the drugs appear to have been sourced through veterinary or laboratory channels, in over half of the cases (11/20), the pentobarbital had been ordered over the internet from Mexico or China. False customs declarations were made in two cases, in which the pentobarbital was not falsely labeled. In at least one case, the shipping company names were reportedly fake, and in four of the cases, the drug was thought to be intentionally mislabeled as "fumaric acid" or "potassium formate," likely to assist with getting it across the border undetected. In support of this hypothesis, two powders labeled as "fumaric acid" were confirmed to be pentobarbital. Fumaric acid is an organic acid produced by microbes with low toxicity in humans, (7) used as a food additive and in the treatment of some medical conditions (8) . Potassium formate is the potassium salt of formic acid, with several industrial applications (9) . The labeling of pentobarbital as one of these chemicals presents a significant safety risk for individuals unaware of the actual identity of the substance.
The Canadian Border Services Agency (CBSA) was notified of these cases to inform them of the possibility of the drug being imported under the false label of another substance that was not controlled (such as formic acid). They alerted their staff to watch for this substance being imported from other countries such as China or Mexico. The importance of limiting its importation into the country was an attempt to both reduce the rate of suicide by this method and the possibility that someone unknowing of the true chemical identity would consume it and be injured or killed.
The alternate possibility of some of these individuals having ordered fumaric acid but receiving pentobarbital was also considered but was considered to be less likely. It was concluded that the labeling was intended to ship pentobarbital (a controlled substance) across borders labeled as a noncontrolled substance (such as fumaric acid). It should be noted that the occupations of the majority of the decedents was not known as there has been some research that pentobarbital was a favored method of suicide by veterinarians and veterinary nurses (10) .
All cases were deemed to be suicide, which was supported by the investigative information, including items at scene or suicide notes and the toxicology results with fatal concentrations of pentobarbital detected in each. There is a wealth of information on the Internet, and a number of organizations available to provide assistance to those seeking to end their lives. The information from The Peaceful Pill Handbook, published by Exit International, provides a number of end-of-life choices. The use of pentobarbital is extensively described in this publication and is repeated on many other websites. In particular, the use of antiemetic or antinausea drugs, which was observed in 12 of 20 cases, is recommended to ensure efficacy of the pentobarbital, which may induce vomiting when taken in overdose. These resources also address the difficulty in obtaining pentobarbital, a controlled substance used primarily for veterinary purposes, by suggesting that the drug be sourced over the internet or through mail order from locations such as Mexico or China, as was observed in 11 of our cases. A recent publication about an attempted suicide case in France reports on an internet purchase of a pentobarbital "suicide kit" purchased from China (11) .
It is possible that the recent introduction of Medical Assistance in Dying (MAiD) legislation in Canada could result in a decrease in suicides of this type. Under specified conditions, this legislation allows for those with grievous and irremediable medical conditions to apply for medical assistance in dying if they choose (12) . The legislation has some restrictions on those who can be approved for MAiD, including that those with only a mental illness do not quality.
The findings reported above underscore the investigative value of thoroughly documenting a scene, including details of what may be considered a benign item. The discovery of the mislabeled powder as the likely pentobarbital source in case 8 raised the level of awareness on the issue of misidentified substances in subsequent pentobarbital toxicological cases and in cases in which novel psychoactive substances may be present.
